Polymorphism and recombination for rDNA in the putatively asexual microsporidian Nosema ceranae, a pathogen of honeybees.
Nosema ceranae is currently one of the major pathogens of honeybees, related to the worldwide colony losses phenomenon. The genotyping of strains based on ribosomal DNA (rDNA) can be misleading if the repeated units are not identical. The analysis of cloned rDNA fragments containing the intergenic spacer (IGS) and part of the rDNA small-subunit (SSU) gene, from N. ceranae isolates from different European and Central Asia populations, revealed a high diversity of sequences. The variability involved single-nucleotide polymorphisms and insertion/deletions, resulting in 79 different haplotypes. Two sequences from the same isolate could be as different as any pair of sequences from different samples; in contrast, identical haplotypes were also found in very different geographical origins. Consequently, haplotypes cannot be organized in a consistent phylogenetic tree, clearly indicating that rDNA is not a reliable marker for the differentiation of N. ceranae strains. The results indicate that recombination between different sequences may produce new variants, which is quite surprising in microsporidia, usually considered to have an asexual mode of reproduction. The diversity of sequences and their geographical distribution indicate that haplotypes of different lineages may occasionally be present in a same cell and undergo homologue recombination, therefore suggesting a sexual haplo-diploid cycle.